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SPECIFICATION 



TITLE OF THE INVENTION 



OPTICAL FIBER ARRAY 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

The present invention relates to an optical fiber array having a holding member 
mounted thereto, and having optical fibers arranged and held within predetermined intervals. 

More particularly, the present invention relates to a technique of preventing release or 

delamination of the holding member. 
DESCRIPTION OF RELATED ART 

Conventionally, a fiber array having optical fibers arranged therein and fixed thereto 
is formed as shown in FIG. 4. In FIG. 4, reference numeral 12 denotes a holding member 
that consists of a substrate 13 and a cover plate 15. A plurality of V grooves 14 having a V 
shaped section (housing grooves) are formed aton the substrate^ _eOptical fibers (optical 
fiber bare portions) 1 are housed in the individual V grooves 14, and an adhesive is filled in 
the V grooves . Then, the cover plate 15 is positioned on the V grooves eevefed to pinch the 
optical fibers 1 between substrate 13 and cover plate IS.i rand In this manner, the optical 
fibers 1 are adhered and fixed irrtein the V grooves 14. In addition, reference numeral la 
denotes a_covered portion of the optical fibers, where a plurality of the optical fibers la are 
coupled to one another via a covering with each other to form a fiber ribbon 1 6. 

The holding member 12 is formed by processing a glass plate, for example, andwith 
the V grooves 14 being are formed in parallel on a substrate top which is ground to a mirror 
face. In addition, a space between the-adjacent V grooves is small so that an adhesive face is 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



2 

AppPnNo.: 09/819,330 

widely formed at the right and left ends of a bundle of the V grooves in order to ensure 
adhesion between the substrate 13 and the cover plate 15. 

However, the above described fiber array is often placed under severe outdoor severe 
environments. That is, the fiber array is subject to temperatures ranging from a high 
temperature of 60 °C to a low temperature of -40 °Q. and4s Fiber arrays are also subjected to 
dry , humid and high temperature environments tike-a such as desert conditions or the like.a nd 
humid high t e mp e ratur e environm e nt. The optical fiber array nrasi is required to maintain 
constant and proper performance characteristics under such severe environments for a-long 
durations time. However, in the case where the above fiber array is subjected to such severe 
environmental conditions for a-long durationst ime, there has occurred a phenomenon that the 
substrate 1 3 and the cover plate 1 5 fixing the optical fibers 1 in the V grooves are released or 
delaminated -b e cause o fdue to environmental variations with an ela pse-ef over time^, and This 
results in the optical fibers are being unreliably fixed in the V grooves . 

In an optical fiber array , if an optical axis deviates from a predetermined position, aan 
optical transmission loss is increased between this optical fiber and optical part being 
optically connected therewith. Thus, a very high position precision of 0.5 microns or less is 
required to maintain the optical connection . Therefore, i lf the above release phenomenon 
occurs, a displacement of the optical fiber occurs, resulting in degraded optical transmission 
characteristics. In addition, fin al ly, an optical fiber may become detach ed stip-off from the 
substrate housing the fiber . 

SUMMARY OF THE INVENTION 

The present invention has been made in order to solve the foregoing problem. It is an 

objec t therefore, of the present invention to provide an optical fiber array in which the 
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release or delamination of the holding member components is not likely to or the like hardly 
occurs^ even under severe environmen tal conditions^ , and Thus, proper optical transmission 
characteristics are maintained because the optical connection, the optical fibers and an optical 
part is maintained . 

In order to solve the foregoing problems, according to a first aspect of the present 
invention, there is provided an optical fiber array including comprising a holding member that 
consists of a substrate having forming a sectional V shaped housing groove s with cross- 
sectional V shapes formed thereon, for housing an-optical fibers on a top face-L and a cover 
plate covering the top face of the substrate^ se-as4e-heuse-the A tip , bare portion of the 
optical fibers are there in, with the bare po rtion of the optical fiber fi x ed positioned in the 
housing groove s and by filling an adhesive is supplied between the substrate and a-cover 
plate so as to fix the optical fibers te|n the housing grooves^, wherein aA distance M between 
a center axis of the housing groove that-i slocated at an outermost pertien radial position 
among the housing grooves and an end portion of the substrate is 5 times or more than the 
radium of the optical fibers and aA distance Y between the substrate and the cover plate is L / 
6 < Y < L , with Y being the thickness of the adhesive layer and L being relevant-to-a distance 
fe-from a contact point P_between the housed optical fiber and the housing greve groove to the 
cover plate. 

According to a second aspect of the present invention, there is provided an optical 
fiber array according to the first aspect, wherein a height of a site-protruding portion of the 
optical fiber, which protrudes from the upperface of the substrate, of th e optical fiber hous e d 
in th e housing groov e is substantially equal to the distance Y between the substrate and the 
cover plate. 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



4 

AppPnNo.: 09/819,330 

According to a third aspect of the present invention, there is provided an optical fiber 
array according to th e first or se cond asp e ct, wherein the distance Y between the substrate 
and the cover plate is L / 4 < Y < L. 

According to a fourth aspect of the present invention, there is provided an optical 
fiber array according t o any of th e fir s t to third asp e cts, wherein the adhesive is epoxy-based. 

According to a fifth aspect of the present invention, there is provided an optical fiber 
array according to any of the first to fourth aspect s , wherein the width of the cover plate is 
different from the width that of the substrate. 

According to a sixth aspect of the present invention, there is provided an optical fiber 
array according to any of the first to fifth aspect s , wherein a placement face for placing a 
covered portion of the optical fiber is provided atin the rear part of a housing groove forming 
face ? . and aA step is provided between the housing groove forming face and the placement 
face, thereby placing and housing the optical fiber. 

The Inventor has fero dd iscovered the following results through testra gexperimental 
observations . That is, the above release or delamination is caused by a thin adhesive layer 
between athe substrate and a-cover plate whichthat spreads te4he-outside of the outermost 
portion of a the housing groove. Namely, in the case where a circular optical fiber is housed 
in a V groove, th e r e occurs contracti o n in the adhesive is contracted during curing an 
adhesive which is caused by an adhesive stay portion at the periphery of optical fibers (in the 
housing groove}?. Also, t here is a difference in thermal expansion rates between the adhesive 
and the substrate or between the adhesive and the cover plate. Alternatively, 
incr e asing increased humidity tends to causes expansion of the-adhesive materials . 
And Accordingly, the stress concentration of the adhe s iv e which is likely to concentrate in 
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portions of the V groove caused by these the above phenomena cannot be sufficiently 
prevented through by the used of a thin adhesive layer. 

A fiber array is fixed between a substrate and cover plate through the use o f mounted 
by an adhesive, and also tends to be is formed in its-complicated shapes. Thus, there exists a 
variety of stresses which are likely to occur in the fiber array, such as partial or isolated 
strong stresses or a condition of generale ntire stress between the substrate and the cover plate. 
The partial or isolated stress tends to occurs at a resin stay portion s uch as alon g the periphery 
of the fibers fixed in a V groove, as described above. This is believed to be due to a 
mechanism in which the stress of the adhesive stay portion indicated by A shown in FIG. 5 is 
applied or transferred to a portion indicated by B Ti and ilf the adhesive layer of this-portion B 
is thin, ttmthe stress at this position cannot be absorbed, and a release or delamination 
between the substrate and cover plate occurs with the at portion e£B. 

For example, if a release or delamination occurs withat a portion of the fiber array, 
such as portion B, the entire stress is applied or transferred to this portion er and water is 
prone to invades the this release portion, which exacerbates the problem and causes w here bv 
s u c h release is further separation or release at portion B expand e d . 

The above construction present invention is provided in response to such aotion the 
above-discussed problems of prior art adhesive layers. ^ wher-eby tThe adhesive layer of the 
present invention can absorb the stress eencentratieft concentrated at the above-discussed 
portions of the substrate , and a release of the optical flber i s unlikely to occur between the 
optical fib e r and the substrate is not likely to occur, or fix e d s ubstrat e even under use in severe 
environments. Then Thus, proper optical characteristics can be maintained. 

Additional objects and advantages of the invention will be set forth in the description 
which follows, and in part will be obvious from the description, or may be learned by practice 
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of the invention. The objects and advantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate presently preferred embodiments of the present invention and, 
together with the general description given above and the detailed description of the preferred 
embodiments given below, serve to explain the principle of the present invention ^ in which: 

FIG. 1 is an enlarged sectional view of an optical fiber array in accordance 
withs hewing-afi-e-xam plo according to the-frreferred embodiments-of the present invention; 

FIG. 2Ar4e (a)- FIG. 2H(h) are photographs showing for explaining -ho w a changes in 
fiber array adhesive portions is changed due to environmental testing conditions , 
where wherein FIGS. 2 (a)-(d) A to FIG. 2D e ach s how a construction of are fiber arrays in 
accordance with the present invention compared to ? FIGS. 2 (e)-(h), E to FIG. 2H which eaeh 
shows a conventional fiber array con s truction ; 

FIG. 3 is an illustrative view of a holding member in accordance with the present 
invention as seen use d in environm e nt t e st ing sh o wn in FIG. 2; 

FIG. 4 is a perspective view of an a conventional optical fiber array; 

FIG. 5 is an enlarged sectional view illustrating one fiber portion seenshewn in FIG. 

FIG. 6 (a)- A to FIG. 6(c) C each show how is an adhesive layer ends of an-optical fiber 

arrays, wherein where FIG. 6{a}A~is shows a sectional view illu s trating in accordance with the 

present invention, FIG. 6(b)B4s shows a sectional view illustratin g in accordance with another 

example of the present invention, and FIG. 6(c)€4s shows a sectional view illustrating a 

conventional fiber array example ; and 
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FIGS. 7(a)A and FIG. 7(b>B show side views o f a construction of a V groove rear ends 
of the-optical fiber arrays, whef ewherein FIG. 7(a) A is an illustrative shows a side view of 
essential parts according to the present invention, and FIG. 7fb) B is an 4Hustrative shows a 
side view of conventional essential parts of a conventional fiber array.- wherein reference 
num e ral 1 d e not e s an optical fib e r, r e f e r e nc e numeral 2 d e note s a -hel ding m e mb e r, r o fcr c n ee 

denot e s a V groove, refer e nce numeral 5 denot e s a cover plate, ref e renc e numeral 6 d e notes 
an a dhesi v e laye r, r e ferenc e numeraH ? a d e n o t e s an adh e siv e , r e fer e nc e-eede-fc-denetes-a 
dista^e-from-a-eentaet^ 

reference code M denotes a distance from a c enter of a hou s ing g roove at the o u t er m o st 
portion of th e substrat e to a s ubstrate end, r e f e r e nce code P denotes a contact point between a 
V groove and an optical fib e r, and Y d e not e s thickn e s s of an adh e siv e lay er- 

DETAILED DESCRIPTION OF THE INVENTION EMBO D IMENT 

Reference will now be made in detail to the presently preferred embodiments of the 
invention as illustrated in the accompanying drawings, in which like reference numerals 
designate like or corresponding parts. 

Her e inafter, preferred e mbodiments of the present inv e ntion will be described in 
det a il with r efe r e nc e to th e accompanying drawing s . 

_ FIG. 1 is an enlarged sectional view of an optical fiber array according to the present 

invention, wherein in which: reference numeral 1 denotes an optical fiber (a bare optical 
fiber) ? ; reference numeral 2 denotes a holding member that consists of a substrate 3 and a 
cover plate 5 ? ; a V groove 4 is formed aton the substrate 3 ? i and an optical fiber 1 is housed in 
the V groove 4. In addition, an adhesive 6a is filled between the substrate 3 and cover plate 5 
at along the periphery of the optical fiber 1 . and b e twe e n the substrate 3 and th e cover plat e 5. 
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• t 1 

An opening angle of the V groove 4 is 70 degrees, for example 7i and tThe optical fiber 1 is 
formed to be 62.5 microns in radius, for example. 

The V groove 4 is formed sesuch that a part of the optical fiber 1 , being housed 
therein, is slightly protruded from the upper face of the substrate 3, and is form e d s o that 
rtsthe protrusion length of the optical fiber is substantially equal to the thickness of the 
adhesive layer 6 formed between the substrate 3 and the cover plate 5. In addition, a distance 
M between the center of the housing groove at the outer most portion of the substrate 3 and 
the substrate end (shown in FIG. 3) is 5 times or more of the optical fiber radius relevant to 
the radium R of the optical fiber 1 . 

Then, the thickness Y of this adhesive layer 6 is defined as follows, when a distance 
L A frem which is a contact point P between the V groove 4 and the optical fiber 1 to the cover 

plate 5 is: d e fin e d as a r e f e r e nce. 

1 

L / 6 < Y < L ... (Rang e 1) 

If Tthe thickness Y of the adhesive layer 6 i s d e fin e d exists in the above defined range, 
wh e r e by as shown in the test results described later, the adhesive layer 6 sufficiently absorbs 
a-stresses generated from the contraction g e n e rat e d while of the adhesive is cured o r during 
curing. In addition, adhesive layer 6 sufficiently absorbs stresses generated by a difference in 
thermal expansion rate er-expansi on rat e between the substrate 3 and the cover plate 5 se such 
that alignment of the optical fibers const ant c hara ct eri s t ic s can be maintained without being 
released from the V grooves, even under severe environment al conditions . 

In addition, from the viewpoint of adhesives, the stress caused by the adhesive 
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increases particularly with adhesives having a higher Youngls Modulus, of th e adh e sive. For 
example, in the case where an epoxy based adhesive is employed, the Young^s Modulus is 
generally high as compared with an acryl based or silicon based adhesive. Thus, the stress is 
also increased, and the adhesive layer structure of the present application is effective. In 
particular, when an epoxy based adhesive e fliaving Young^s Modulus not less than 2 kgf / 
mm 2 is used, the stress is particularly increased. Thus, the adhesive layer structure of the 
present application is effective. 

The adhesive used here in the present invention denotes one which is used for 
adhering and bonding efcat least V groove periphery (a dher-mg-afid-bending-of-th ean outer 
peripheral surface of a bare optical fiber, cover plate and substrate). In addition, in order for 
the optical fiber 1 to come into reliable two point contact with the inclined face of the V 
groove 4, it is preferable that a r e alistic contact point is moved upwardly with a margin of 
about 10 microns from a theoretical contact point in consideration of processing precision or 
measurement precision. In this case, the above (range 1) is (L - 10 microns) / 6 < Y < (L - 10 
microns). 

Table 1 compares changes of the adhesive portion of the fiber array when during 
environmental test ing (boiling test),, is carri e d out by As is shown in Table 1 . athe fiber arrays 
cr e at e d by changin g were produced to have varying thicknesses Y of the adhesive layer 6^ 
where tThe fiber arrays i swere soaked in boiling water to investigate an~oGeurrenee~o fwh e the r 
the release or delamination of the holding member occurred after a predetermined time 
hashad elapsed. In the-tTable_i, O denotes a good state in which no release of optical 
fibers has occurred, A denotes a state in which partial release has of the optical fibers occurred, 
and X denotes a state in which an extensive release of the optical fibers has occurred. 
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Table 1 



| Thicknes s 
of adhe s i ve 


Boiling time 




layer 

Y 


1 5hr 


36 h r 






L/2 


O 


O . 
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Photograph 


L/4 


O 


O 


O 




L/6 


O 


O 


A 




L/8 


X 


X 


X 


Phot ogr aph 



FIGS. 2 (a)-(T0 A to FIG, 2H are show photographs illustrating the changes to the fer 
e xplaining how an optional optical fiber array adhering portion is changed du e to th e due to 
the above-environmental tes ts shown in Table 1 ^ /herein _FIG. 2 (a)- 2(d- W to FIG. ^D are 
photographs of Y = L / 2 shown in Table L T and FIG. 2 (e)-2(h) E to FIG. 2H are photographs 
of Y = L / 8 in a conventional optical fiber array examp le. In addition, the holding member 32 
of the optical fiber array taken as each of the photographs shown in FIG. 2 is schematically 
shown in FIG. 3. 

FIG. 3 is a plan view of the holding member. As shown in the figure, the holding 

member 2 used in thep rovided-jor- environmental tests illustrated in Table 1 has three groups 

of housing grooves, each consisting of eight grooves positioned on substrate 3. An optical 

fiber array is formed in such a way that The optical fibers 1 are positioned on the V grooves of 

substrate 3 housed in the holding memb e r 2 , adhesive is applied thereon , and then, the cover 

plate 5 is positioned on the optical fibers adhered . The protrusion quantitv part of the optical 

fiber 1 that protrudes from the substrate fi.e., extending above a plane parallel to top surface 
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i ii i 

of the V grooves) is varied ohanged by changing the siz eangles of the V grooves, so that This 
also functions to adjust the thickness Y of the adhesive i s s e t to itsa desired thickness. 

In FIG. 2, although there is no change at thea fter 60-hour boiling point in the left 
photographs A to D 2(aMd) , it is possible to v e rify that there occurs a spot-like pattern on 
main adhesive faces 8, 8 (shown schematically in Fig. 3) of th e l e ft and r i ght of the substrate 
after 1 5 hours or more of boiling and on in th e right in_photographs E to H 2fe)-(h). ? and 
Additionally, a portion in a different state from a state before boiled occurs between the 
optional fiber groups as well. These sites are where adhesive has been released. From these 
photographs, in the case where th e ri ght s ide, i.e., the thickness Y of the adhesive layer is L / 
8, it is f o u n d that release has already occurred after 15 hour s of boiling. That is, when the left 
sid e , i.e.. thickness Y of the substrate is L / 2, no release occurs even after 60 hours of 
boiling. 

Thus, from the test result s shown in Table 1, it can be judged that, as long as a 
distance between the center axis of the housing groove at the outermost portion of the 
housing grooves and the substrate end is 5 times or more of the optical fiber radius^ and the 
adhesive layer thickness Y is L / 6 or more, the-release of adhesive is unlikely toh afdiy 
occurs, and the optical fiber array can be used even under severe environments. Further, if 
the adhesive layer thickness Y is L / 4 or more, it can be judged that no release of adhesive 
occurs, and a good bonding state can be continuously maintained. 

In the meantime, the optical fiber array is generally formed so that the fibers are 

pressed in the substrate V groove 4 by the cover plate 5. Although optical grinding is applied 

to the tip end face of the optical fiber array, the fiber end face is required to be set to a desired 

angle. Thus, in general, grinding is performed when a side face parallel to the V groove 4 is 

defined as a reference during grinding. At this time, although the side face of the substrate 3 
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can be easily processed so as to be parallel to the V groove 4, the cover plate 5 is merely 
loaded on the optical fibers 1. Thus, it is not easy that the side face of the cover plate 5 is 
parallel to the optical fibers 1. 

Therefore, it is natural that the grinding standard face is on the side face of the 
substrate 3 so that the cover plate 5 should not be at the outside of the right and left of the 
substrate 3 in order to ensure this state. As a measure, the width of the cover plate 5 is made 
smaller than that of the substrate 3, whereby slight displacement can be permitted, thus 
making it possible to apply the cover. 

In this case, as shown in FIG. 6-4 hat i s t h e sectiona l view ill ustrating4 he opti c al fib er 
array , the adhesive 6a is pooled at a stepped portion C in a meniscus manner, which provides 
an effect of increasing adhesive force. However, in the case where the adhesive layer is thin, 
the-stress es occurring at stepped portion C caused here r e sults in an occurrence of the release 
of the adhesive layer (the mechanism in which a release occurs is similar to that occurring in 
the V grooves). In particular, this site is situated at the outside of the substrate ? and is 
subjected to open air. Thus, if a release of adhesive occurs, it permits moisture to easily 
invade the interior of the substrate , which , in turn, accelerates the progress of adhesive 
release. 

In this mann e r, this s it e As can be understood from the above, stepped portion C is an 
important portion that prevents a release of adhesive . As shown in FIG. 1, as long as a large 
adhesive layer is ensured, the-stress does not concentrate, and a release is unlikely to 
occur hardly occur s. Thus, the con s truction according to the present invention makes it 
possible to ean ensure high reliability in the same manner way as the that employed for the V 
groove portion. 
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FIG. 6£a)A is a sectional view illustrating an optical fiber array according to the 
present invention, and FIG. 6(c)G is a sectional view illustrating a conventional optical fiber 
array. 

As shown in FIG. 6(b)&* even if the width of the cover plate 5Js greater than that of 
the substrate_3, a meniscus-like pool portion is formed at the stepped portion C. The 
construction of the present invention, i.e., a large adhesive layer is ensured, whereby the 
stress does not concentrate, a release does not occur, and high reliability can be ensured in the 
same manner as the V groove portion. However, as described above, the end face of the 
optical fiber array is hardly ground precisely, and thus, the cover plate width is preferably 
formed to be smaller than the substrate ift-width. 

Figs. 7(a)-7(b) show side views of V groove rear ends in accordance with the present 
invention and a conventional fiber array, in which: reference numeral 1 denotes an optical 
fiber: reference numeral 3 denotes a substrate; reference numeral 3a denotes a step; reference 
numeral 5 denotes a cover plate: and reference numeral 6a denotes an adhesive layer. 

With respect to stepped portion 3a, optical fibers are easily damaged by an edge of the 
step. In the case where a release occurs, even partially, at stepped portion 3a, the re is an 
apprehension that the damage of the fiber due to the step is further accelerated by the function 
of stress. Thus, it is very important that no release of adhesive occurs at stepped portion 3a. 

As shown in FIG. 7(a)A^h at is a vte^ 
in the case where a step 3a is provided at the rear end of a V groove , which in order functions 
to reduce the concentration of the stress applied to the tip end of the optical fiber, and a cover 
portion mount face is provided at the rear part of the substrate by one stage lower than a V 
groove forming face, a large amount of adhesive 6a exists in this-step 3a. Thus, the stress at 
this portion , which is caused by the adhesive A concentrates on is concentrated in the adhesive 
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layer 6 between the substrate 3 and the cover plate 5. In the case of such structure as well , 
this con st r uct io n the present invention is particularly effective. 

Further, as shown in FIG. 7(a)A, although R a taper is preferably is-provided at the end 
at the substrate side of the cover plate 5 , a taper or R is pref e rably applied to th e substrat e 
side in thi s mann e r in order to reduce the stress more significantly. Namely, a larg e 
am ou n t the thickness of the adhesive laye r thickness is made gradually closer to the adhesive 
thickness Y, whereby the stress concentration can be further prevented. 

With r e sp ec t to this s tepped portion, an opti c a l fi b er is e asi l y da mag ed by an e d ge o f 
the^tepr-~4nhthe^^ 

a pprehe ns i o n that t he da ma g e o f th e fiber due to the step is furt h e r accel e r ated by the f unetien 
of s tres s . Thu s , it is very important that this portion is prev e nted from a release. 

In addition, in the above embodiments, when the optical fibers are fixed by being 
pinched pinching th e m between the substrate J3 and the cover plate_5, the cover plate is abutted 
against the optical fibers sesuch that the thickness of the adhesive layer is equal to the height 
of the protru s ion portion of the optical fibers which protrude from the V grooves on the 
substrate,, o f t h e o ptical fibers. However, as long as the optical fibers securely come into 
contact with a V groove at two points, it may not be necessary to abut the cover plate may n ot 
b e abutt e d with a portion of the optical fibers. Further, although a plurality of V grooves are 
generally provided on the substrate, even if one V groove exists, an adhesive layer is can be 
formed as described above, whereby and good optical coupling characteristics can be 
maintained. 

(Advantageous Effect of the Invention) 

As has been described above in detail, according to the inv e ntion according to the first 
to fourth aspects of the invention , even under severe environments, a release hardly occurs 
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between the optical fiber and the substrate or fixed substrate, and good optical characteristics 
can be maintained. 

According to the fifth aspect of the present invention, in addition to the advantageous 
effects of any one of the first to fourth aspects, the width of the cover plate is different from 
tha tthe width of the substrate. Thus, a meniscus-like adhesive pool portion is formedr^an4 
which increases adhesive forces increas e s . 

According to the sixth aspect of the pre se nt invention, in addition to the advantageous 
effects of any one of the first to fifth aspects, the stress applied to the tip end of the optical 
fiber is reduced, and a release hardly occurs. 

Additional advantages and modifications will readily occur to those skilled in the art. 
Therefore, the invention in its broader aspect is not limited to the specific details and 
representative embodiments shown and described herein. Accordingly, various modifications 
may be made without departing from the spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



